We are studying "Local Oriented Manufacturing" (LOMan) as an approach for achieving social sustainability. LOMan is the concept to focus on the locality of manufacturing and use stages in design and manufacturing. For example, the usage of energy saving technology in developed countries to products for developing countries may lead to a win-win situation. The objective of this research is to propose a design methodology for LOMan. As the first step, this paper clarifies the issues of the design methodology by executing a field survey and case studies. The case studies compare refrigerators and vacuum cleaners in Malaysia and those in Japan. Then, based on these results, this paper proposes a method of knowledge representation for supporting the LOMan design. The method represents situations and circumstances of the product life cycle, a product, and influence of the situation to the product design by using value chain, product information model, and checklist, respectively. The method represents requirements for the LOMan design by the relationship among these three items.
Introduction
One of the largest bottlenecks of social sustainability is the disparity between developed and developing countries. A measure to decrease the disparity is to raise the quality of life in developing countries by diffusing various products. However, the economic situations in developing countries disturb diffusing the products made for developed countries. In order to decrease prices of products and to diffuse the products in developing countries, products should be redesigned to be fit to the locality of developing countries and to perform really needed functions. The "locality" includes cultural, environmental, economic, and other characteristics of the areas where the product is manufactured and used. At the design stage, the locality should be examined to choose necessary functions. Conventional products designed for developed countries cannot be diffused in developing countries because of the differences between the locality in developed countries and that in developing countries. Therefore, we should focus on the locality of developing countries in designing and manufacturing products.
For choosing technology for developing countries, there is a concept of a technical system "Appropriate technology" [1, 2] . Advanced technologies in developed countries do not always bring the best results in developing countries because of the constraints of the economic situations, culture, environment, and other characteristics of developing countries. Therefore, the technologies should fit to the characteristics of developing countries. "Appropriate technology" is a concept of such technologies.
However, for developing the products fit to the developing countries, we need design methodologies in addition to the appropriate technology. Such design methodologies do not exist. Generally speaking, since researchers try to make design methodologies as general as possible (e.g. [3, 4] ), design methodologies dealing with such locality have not been proposed.
In this study, we propose "Local Oriented Manufacturing (LOMan)". LOMan is the concept to focus on the locality of manufacturing and use stages in design and manufacturing. For Fig. 1 Diagram of GDP per Capita US$ [5] and the prices of well-selling refrigerators (US$) [6] example, the usage of energy saving technology in developed countries to products for developing countries may lead to a win-win situation. The objective of this research is to propose a design methodology for LOMan. As the first step, this paper clarifies the problem of LOMan by describing the results of case studies and a field survey. Based on these results, this paper proposes a method of knowledge representation for supporting the LOMan design.
Case studies
By comparing the products for developing countries with those for developed countries, we investigated the influences of the locality where the product is used.
We chose refrigerators and vacuum cleaners for the comparison because they are typical consumer electrical appliances and therefore they may reflect characteristics of the locality of the area where the product is used.
Influences of the economic conditions on refrigerators
By analyzing statistic data of refrigerators and economic conditions in developing and developed countries, we investigated the influences of the economic conditions on Table 1 refrigerators in the areas where the products are used.
refrigerators in the areas where the products are used. We investigated GDP per Capita as an economic condition (y axis of Fig. 1 ) and the prices of well-selling refrigerators as statistic data of refrigerators (x axis of Fig. 1 ). From Fig. 1 , the prices of well-selling refrigerators are in proportional to the GDP per Capita. While developing countries reside within the circle 1, developed countries stay in the circle 2. For the LOMan design, information on the economic condition is necessary. However, in the circle 2, the price of well-selling refrigerators for USA is higher than price of those for other developed countries. The difference implies some hidden factors other than GDP, which is inherent to USA. Therefore, for the LOMan design, information on the economic condition is not enough.
Refrigerator
We compared a refrigerator for Indonesia with that for Japan. We chose a refrigerator for Japan that has almost same total capacity as that for Indonesia. The refrigerator for Indonesia is for a family and the refrigerator for Japan is for a single.
First, we compared their specifications of them (See Table 1 ). There are three main differences in Table 1 . The first difference is their prices. Price of the refrigerators for Japan is higher than that for Indonesia. This difference comes from the differences between door numbers and the capacity of freezing compartments. The second difference is refrigerant. Isobutane has lower Global Warming Potential than R134a, but it is flammable. This difference comes from the difference of environmental legislation between these countries. The third difference is the energy consumption. When the compressors are only used, the energy consumption of the refrigerator for Japan is smaller than that for Indonesia. If the defroster is used in the refrigerator for Japan, the energy consumption of the refrigerator for Japan is higher than that for Indonesia.
Then, we compared their characteristics not expressed in the specifications. The comparison revealed two typical differences. The first difference is in their top boards (See Fig.  2 ). The top board of the refrigerator for Japan is heat resistant, but the refrigerator for Indonesia is not. In japan, a microwave oven is often put on a small refrigerator. The difference in usage environment causes this difference. The second difference is about customer segment. While the refrigerator for Indonesia is for a family, the refrigerator for Japan is for a single. From this case study, we confirmed the influences of the locality on the refrigerator. For the LOMan design, information on laws and regulations, the economy, and usage environment is necessary.
Vacuum cleaner
We compared vacuum cleaners for Malaysia with one for Japan. Table 2 shows specifications of vacuum cleaners. The comparison of the vacuum cleaners indicated that the head mechanisms of the vacuum cleaners are quite different. This is caused by the difference between materials of floors in these countries.
The head of the vacuum cleaner for Japan uses a brush and a roller, while the head of the vacuum cleaner for Malaysia uses a brush. In Japan, some floors are made of Tatami. In Malaysia, main material of floor in house is flooring. Therefore, a vacuum cleaner needs sucking up the garbage with scraping out in Japan. A vacuum cleaner does not need scraping up in Malaysia. For designing the appropriate head mechanism, material, climate, and so on related to the floor in the area where vacuum cleaners are used should be examined.
Field survey
We visited electric shops in Malaysia and looked for the locality of Malaysia in vacuum cleaners and refrigerators.
In Malaysia, two doors, 300-400 L refrigerators with 84-112 US $ are the most selling. In addition, freezers with 200 liters capacity for family are also well selling. The food culture influences on the choice of the refrigerators; for example, they stored large amount of foods in a freezer. Therefore, for the LOMan design, the information on culture related to the product such as food culture is needed for determining functions.
Framework of the LOMan design
From the case studies and the field survey, we found the relationship between the locality and the product (See Fig. 3 ). The locality influences on the product at the each process of product life cycle. If the influences are good for the user, we should enhance the influence. If the influences are bad, we should decrease the influence. Therefore, in the LOMan design, a designer should find out influences on the product and if needed, add countermeasures for the influences in product design. Such countermeasures will be requirements for product design.
For supporting the LOMan design, the following three kinds of information are needed to the model.
1. Information on situations and the local circumstances of the product life cycle; for example, products are collected and manually recycled. 2. Information on potential influences of the locality on a product life cycle and candidates of design requirements to them; for example, the influences on the head mechanism of the vacuum cleaner of the material of floor. 3. Information on the product; for example, the structure of the vacuum cleaner.
Proposal of Local Oriented Manufacturing map

Structure of LOMmap
We propose "Local Oriented Manufacturing map" (LOMmap) as a knowledge representation scheme for the LOMan design. LOMmap supports a designer in determining the specification of a product for the LOMan design by representing the three kinds of information described in Section 4. Fig. 4 represents the construction of LOMmap that consists of a value chain graph, checklists, and a product information model. The value chain graph represents situations and the local circumstances of the product life cycle. The checklists represent the information on the potential influences of the locality on a product life cycle and candidates of design requirements to them. The product information model represents the information on the product. LOMmap represents one type of products for an area where the product is manufactured and used. If the supposed area is changed, another LOMmap should be constructed.
Value Chain Graph
The value chain graph represents situations and the local circumstances of the product life cycle in the form of a graph (See Fig. 5 ). Each node represents a stakeholder of the product such as customers and each arc represents the flows of products, parts, materials used in the products, and other resources such as money and electricity. Each node and arc in the value chain graph have a checklist.
Product Information Model
The product information model represents the structure of the product (Fig. 6) . The model consists of modules, parts, and materials of the product. Each component of the model is connected with a check item that refers to the component.
Checklist
A checklist consists of check items. Each check item consists of items described below (See Table 3 and Table 4 ).
Requirement: This item represents the requirement from the influence; for example, is head appropriate to the floor the material? Aspect: This item represents categories of the requirements; for example, law. Targeting area of the product: This item represents the area where the products are manufactured and used; for example, Malaysia. 
Use of LOMmap
First, the designer determines the product to be designed and the targeting area where the product is used. Then, the LOMmap is prepared. In this study, we suppose the designer who does not know well the locality of the area where the product is used. 
Preparation of LOMmap
We assume that a LOMmap constructor constructs a LOMmap in cooperation with a value chain expert, a local expert, and a designer. First, value chain graph, check items, and product information model are prepared. A value chain expert prepares the value chain graph by referring to the value chain of the reference product, which might be a previous generation of the same type of the target product. The company collects checklists including requirements, ideas, and actions for various targeting areas and constructs knowledge base for them. The designer prepares the product information model by describing the structure of the reference product, which might be a previous generation of the same type of the target product or a competing product model made by a competitor. A local expert provides the circumstances of the areas related to each process of the product life cycle. Then, LOMmap constructors construct the LOMmap by connecting each check item to an element of the value chain graph and an element of the product information model
Use of LOMmap
We model that the designer uses the LOMmap for designing a new type of the product as follows:
1
LOMmap is prepared for the product in the targeting area where the product is manufactured and used.
2
With the prepared LOMmap, the designer understands information on the situations and the local circumstances of the product life cycle from the value chain. The designer chooses an element of the value chain graph and checks its checklist.
4
In the checklist, the designer checks each check item as follows:
The designer understands the requirement, the aspect, the local information, the influence on the product, and the elements of the product information model by reading through the check item. If the support tool is connected with the check item, the designer uses the support tool and perceive the additional information. In other words, the designer checks the green items in Table 3 at this time.
4.2
The designer sets the relevance of the requirement to the product from the information in the step 3.1.
(i.e., the blue item in Table 3 ).
4.3
The designer checks for the ideas and the actions from the green items in Table 4 as the candidates of the solution for the requirement. The designer may add new ideas and actions to the check item.
4.4
The designer determines the point of action for each action. The LOMmap calculates the priority of actions (the blue items in Table 4 ). The action that has the highest priority is selected as the solution for the requirement.
5
The designer repeats the same steps 3.1-3.4 for all elements of the value chain graph.
6
The designer determines the specifications of the product by examining the selected actions in the order of descending priorities of the actions. If the value chain graph or the product information model is changed by the result of this step, the designer updates LOMmap and repeats the same steps 2-5.
Example
We constructed a tiny LOMmap for a vacuum cleaner made for Malaysia. As an example of a check item, we chose the influence of the material of the floor on the head mechanism. We constructed the value chain graph shown in Fig. 5 , the product information model shown in Fig. 6 , and the check item described in Table 3 and Table 4 , respectively. In Table 3 and Table  4 , the items in green color represent the information for the designer and those in blue color represent the items that the designer determines.
The designer uses the LOMmap according to the steps described in Section 6. The designer looks for the information from the green items in Table 3 and set the relevance to the product. Then, the designer sets the point of actions. As the result, the action "Collecting dust with hard synthetic rubber" has the highest priority of action. The designer determines the specifications of the head of the vacuum cleaner from this action.
Discussions
By using LOMmap, we succeeded in representing situations of the product life cycle, the local circumstances of the product life cycle and influences of the locality on the product life cycle. LOMmap will support the designer who does not know well the locality of the targeting area where the product is used. By using the checklist, the designer understands influences of the locality on the product life cycle.
The method represents requirements for the LOMan design by the relationship among these three items.
However, we can point out several issues. The methods for collecting information on the circumstances, influences of the locality on the product life cycle, and the ideas and actions from the previous products for the checklists are needed. Solution candidates designed by the designer may be contradictory with each other. The support tool to assess the contradictory and solve the contradictory may be needed. LOMmap may not represent some kinds of information needed for LOMan. We will clarify this point by accumulating case studies of LOMan design with LOMmap.
Conclusion
This paper proposed LOMan for achieving social sustainability. LOMan is the concept to focus on the locality of manufacturing and use stages in design and manufacturing. From case studies and a field survey, we clarified the issues for the LOMan design.
For representing design requirements to the designer, we proposed LOMmap as a method of knowledge representation for supporting the LOMan design for the designer who do not know well the locality of the targeting area where the product is used. LOMmap consists of the value chain graph, the product information model, and the checklists. LOMmap represents requirements for the LOMan design for the targeting area by the relationship among these three items. This structure is effective to represent situations, the local circumstances, and influences of the locality on the product life cycle. LOMmap helps the designer to understand the influences on the product life cycle and to examine design requirements by using the checklists.
Future works include: Generally speaking, solution candidates designed by the designer may be contradictory with each other. Some support tools for solving these contradictions are needed. We are planning to execute a practical case study of the LOMan design and verify advantages and drawbacks of LOMmap.
